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Abstract 
The objective of this paper is to find and develop methods that enhance and support the construction of process plans with 
possibilities to challenge cost, environmental impact and meet changing design requirements. For achieving this is primarily that 
both the fundamental thinking and the results behind a process plan can be described. A great deal of research effort has been 
committed to developing systems for computer-aided process planning (CAPP). Up till now CAPP systems have been spread 
over a wide front within the manufacturing industry, but rarely the system suggest the change in product design considering the 
manufacturing cost and its environmental impacts.   The focus is laid on process planning of round parts with turning operation. 
A method for environment conscious process planning is proposed as a way to perform and describe the procedure of creating a 
process plan. The method facilitates the interpretation and understanding of the plan, not only immediately for the process 
planner responsible, but also for designers, engineers, researchers and other interest groups involved in a sustainable 
manufacturing. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Many companies desire to be more environmentally friendly while also striving for cost competitiveness in the 
manufacture of their products. In this regard the role of a process planner has to work as a link between design and 
manufacturing. His responsibility is to establish and maintain good connections for interchanging and solving 
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technical problems concerning production. The goal is to reach solutions that satisfy both design requirements and 
prerequisites for sustainable production and targeted manufacturing cost. Often internal and external customer 
demands on products will drive requirements for tighter geometric and dimensional tolerances, which are more 
expensive to achieve in manufacturing. An inherent conflict arises between meeting these customer demands and 
minimizing manufacturing costs (Huang, et al. 2005). A process planner must, in that respect, be the expert 
concerning manufacturing. He has to use past experience for achieving the customer requirement and organization 
targeted manufacturing cost. But the every organization may not have that much experienced process planning 
engineers or available engineers may be overburdened. 
2. Computer aided process planning 
When “Computer Aided Design” (CAD) and “Computer Aided Manufacturing”(CAM) were introduced and 
accepted as common tools, there was a gap left between them (Joseph and Davies, 1990). The available CAM-
software was practically generating programs for numerical controlled machine tools by transforming CAD-data to 
tool-paths. Process planning, like the choice of machining processes, manufacturing sequence, fixturing, tolerances 
etc. was not covered. This work was still required and needed to be “computerized” to integrate CAD and CAM 
(Jeang, 1999; Crow 2002). In conformity with the abbreviations CAD and CAM “Computer Aided Process 
Planning” - CAPP – was introduced. CAPP has been a research topic since 1960s (Zhang et al., 1989). 
 
In the last two decades huge research work is performed in different research areas in CAPP. These works can be 
categorized by the types of part involved in these works, like prismatic part (Zenkai 2007, Haddazade 2009), 
cylindrical parts(Younis et al. 1997), sheet metal (Tiza,2007) , foundry(Arnold 1996) and assembly systems(Arieh et 
al.,1994).Besides this broad classification, research works can also be categorized on the basis of geometric 
modeling techniques. Some new ideas are presented here briefly 
Manufacturers have been pursuing an evolutionary path to improve and computerize process planning in the 
following five stages: (Crow, 2002) 
I) Manual classification; standardized process plans- Prior to CAPP, manufacturers attempted to overcome the 
problems of manual process planning by basic classification of parts into families and developing somewhat 
standardized process plans for parts families 
II) Computer maintained process plans- Computer-aided process planning initially evolved as a means to 
electronically store a process plan once it was created, retrieve it, modify it for a new part and print the plan 
III) Variant CAPP- variant CAPP is based on a Group Technology (GT) coding and classification approach to 
identify a larger number of part attributes or parameters. These attributes allow the system to select a baseline 
process plan for the part family and accomplish about ninety percent of the planning work.  
IV) Generative CAPP- At this stage, process planning decision rules are built into the system. These decision rules 
will operate based on a part's group technology or features technology coding to produce a process plan that will 
require minimal manual interaction and modification 
 V) Dynamic, generative CAPP- While CAPP systems are moving more and more towards being generative, a pure 
generative system that can produce a complete process plan from part classification and other design data is a goal 
of the future. This type of purely generative system  will involve the use of artificial intelligence type capabilities to 
produce process plans as well as be fully integrated in a CIM environment. A further step in this stage is dynamic, 
generative CAPP which would consider plant and machine capacities, tooling availability, work centre and 
equipment loads, and equipment status (e.g., maintenance downtime) in developing process plans.  
 
Significant benefits can result from the implementation of CAPP. In a detailed survey of twenty-two large and 
small companies using generative-type CAPP systems, the following estimated cost savings were achieved: 
(Anderberg, 2009) 
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x 58% reduction in process planning effort  
x 10% saving in direct labor 
x 4% saving in material 
x 10% saving in scrap 
x 12% saving in tooling 
x 6% reduction in work-in-process 
3. Environment, cost and process planning 
There are a number of fundamental drivers that influence performance of manufacturing organizations. The 
traditional ones are cost, quality, delivery/time and flexibility, but environment can also be included since its 
importance is growing and cannot directly be categorized under any of the other. Which one of the performance 
dimensions that is most important is a matter of competitive positioning of the company, although all dimensions are 
important to some extent (Hallgren, 2007). To a great extent the performance drivers relate to customer demands, 
since it is the customers that ultimately define the priority and value of the drivers. The performance drivers thereby 
define how operations1 in the company is carried out, not the least process planning, which have influence on all of 
them. Efficient process planning can be one of the key functions to remain competitive in a changing environment. 
For a supplier without own design function, process planning is basically the main function for competitiveness 
alongside a lean and efficient manufacturing unit. Process planning, as the bridge between design and manufacturing 
is therefore important since it not only have influence of the product quality, but also on direct manufacturing lead 
time and the time-to-market. 
 
By increased knowledge of process planners, the machining processes can be optimized for cost and energy 
efficiency. Minimized process waste and better utilization rate of the machines, so that standby times are lowered, 
will work in favour to advance towards more environmentally benign and lean production. In this paper, the focus is 
on process optimizations to meet increased demands on energy savings and cost reductions. 
 
Fig. 1- Three possible future research activities within  machining and process planning (Anderberg, 2009) 
Anderberg (2009) has mentioned three future areas for sustainable manufacturing (Figure 1). These are CNC 
machining, optimization of process planning and improving process efficiency. Environmental requirements are 
often considered to stand in opposition to cost reduction initiatives. However, the situation can be the opposite 
where no direct conflict between production efficiency and environmental consciousness regarding material 
recycling. Material recycling does not have a direct influence on process planning. Other factors however do, and 
today there are is an understanding for correlating objectives in lean production and environmental benign or green 
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manufacturing (Bergmiller, 2006; Herrmann, Thiede et al., 2008). Initiatives in raising customer awareness for 
environmental issues will put pressure on all company operations to adopt more environmental conscious thinking. 
On the contrary, there is limited understanding from the industry to make environmental improvements in order to 
gain economical benefits (Kaebernick and Kara, 2006). The principal environmental impact from CNC machining 
concerns electrical energy consumption (Dahmus and Gutowski, 2004) both during machining, as well in standby 
mode. Design of feature recognition process planning and energy aware scheduling will minimize impact of 
manufacturing to some extent (Culler and Burd 2007). Based on this literature survey, the authors have developed the 
environment conscious  system, which is discussed in the next section.  
4. Development and implementation of environment conscious CAPP system 
 
 
Fig. 2- Algorithm used for environment and cost conscious process planning model 
A method is developed to estimate environmental and cost performances of manufacturing processes 
selected to achieve part designs, in an effort to support cost and environmentally conscious manufacturing decision 
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making at design stage. In Figure 2, various input required to model are mentioned like dimensions and tolerances of 
work piece. Model will suggest the tentative process plan depending on the available machine tools. Based on the 
cost and energy it will suggest the optimum process plan along with the emission due to total energy use. System is 
designed with visual basic as front end  and for database MS Access is used. 
 
 
Fig. 3- Snapshot of user input window 
 
Fig. 4- Snapshot of developed process plan with energy, cost and CO2 emission 
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5. Conclusion and future work 
In this paper, conceptual process planning is used to assess manufacturability and to estimate the 
manufacturing cost of the concept of a product developed in the early design stage. A prototype was developed 
based on the definition and functional decomposition for validating the definition and proving that the integration 
with conceptual design is feasible. Most of the knowledge, engineering rules and data were implemented using a 
knowledge-based design system. Possible future work includes  
x extending the prototype using more industrial cases,  
x Cad file feature recognition and conceptual process planning software,  
x improving cost estimating methods to increase accuracy, and  
x develop an initial specification for information sharing between design and process planning 
x energy and emission estimation based on geogrophical location 
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